Searching the web is a common activity of web users. English and non-English speakers utilize international or local search engines so as to satisfy their information needs. Most of the attempts at evaluation of search engines focus on English queries and on English document collections. In this paper an evaluation methodology is presented and the capabilities of international and local web retrieval systems using Greek queries are evaluated based on this method. We aim at identifying difficulties and knowledge requirements when using a Greek supporting search engine. The importance of interface localization and the effects of standard information retrieval techniques such as case insensitivity, stopword removal and simple stemming are studied in international and local search engines. The evaluation methodology is applicable to other non-English natural languages as well.
Introduction
The world wide web has gained great popularity and has become one of the most widely used services of the internet along with email. The web has gained such publicity that many people erroneously equate it with the internet. The friendly interface and the hypermedia features of the web attract a significant number of users around the globe. As a result, the web has become a pool of various types of data, dispensed in a measureless number of locations. Finding information that satisfies specific criteria is a regular daily activity of almost every web user. Web search engines provide searching services through their uncomplicated interfaces.
According to Global Reach [1] , 64.2% of the online population are non-English speakers. This makes the web a multicultural and multilingual information space. The preferences and requests of non-English speaking users should undoubtedly be taken into account in the design of any web information system and especially in web retrieval systems since these are utilized on a daily basis by virtually every web surfer.
Even though several web search engines exist to facilitate searching, not enough attention has been given to other spoken languages than English. Efficient search engine utilization requires an increased level of knowledge on the part of users. This is because most search engines have no internal (indexing) or external (interface) localization support and thus the user has to devise alternative ways to discover the desired information. Baeza-Yates and Ribeiro-Neto [2, p. 391] suggest teaching users methods for effective utilization of retrieval systems. Clearly this is not a feasible solution in our case, as the potential student target group would be enormous. Therefore the shortcomings of search engines should be identified and efforts should be made in order to amend them.
The purpose of the present paper is to create a methodology for identifying some of the deficiencies of searching the web using non-English queries. The criteria of the methodology are applied in Greek web searching as an initial evaluation experiment. The paper is structured as follows. Section 2 provides an overview of the criteria used in the evaluation of web retrieval systems and reviews the literature related to non-English web searching. Section 3 presents and analyses the evaluation methodology and Section 4 presents the results of applying its criteria using Greek queries. Finally, the last section synopsizes the results of the evaluation experiment.
Literature review

Evaluation of search engines
A number of criteria have been proposed for the evaluation of information retrieval systems (coverage, time lag, recall, precision, presentation, user effort) [3, 4] . Of these criteria, recall and precision have most frequently been applied in measuring information retrieval. Information retrieval on the web is fairly different from retrieval in traditional indexed databases. This difference arises from the high degree of dynamism of the web, its hyper-linked character, the absence of a controlled indexing vocabulary, the heterogeneity of document types and authoring styles, and the easy access that different types of users may have to it [5] .
Therefore the criteria have been reshaped to fit in the dynamic web environment. The capabilities of three search engines, AltaVista, Excite, and Lycos have been evaluated in terms of five aspects [6] :
(1) Composition of web indexes (coverage) -collection update frequencies and size can have an effect on retrieval performance.
(2) Search capability -they suggest that search engines should include 'fundamental' search facilities such as Boolean logic and scope limiting abilities.
(3) Retrieval performance (precision, recall, time lag) -such as precision, recall, and response time.
(4) Output option (presentation) -this aspect can be assessed in terms of the number of output options that are available and the actual content of those options.
(5) User effort -how difficult and effortful it is for typical users to use the search engine.
Most search engine evaluation attempts focus on the third criterion. For example in [7] eight search engines were reviewed and their effectiveness was calculated based on the traditional information retrieval measures of recall and precision at varying numbers of retrieved documents. Dunlop [8] used the expected search length to construct graphical evaluation methods to measure retrieval performance from AltaVista. These graphs were introduced as supplementary to precisionrecall graphs. AltaVista, Infoseek, Lycos, and Open Text were used in another evaluation study [9] . The authors employed measured precision and partial precision for the first 20 hits returned by the search engines. They also defined an evaluative measure that compared ratings of relevance on a five-point scale. Similar approaches have been used in more recent studies [10, 11] . Other research papers focus additionally on other issues such as the search interface and the response pace of search engines [12] .
Non-English web retrieval
Although the studies reviewed in the previous section provide frameworks and models for evaluating the capabilities of search engines they usually focus on precision and recall, neglecting other factors such as user effort, for instance, and more importantly they focus only on English queries. It has been argued that existing search engines may not serve the needs of many non-English-speaking internet users [13] . The latter observation proves that the multicultural and multilingual dimensions of the web have been overlooked, especially in search engines. That is why a few recent studies have assessed web retrieval systems taking into consideration the language of the users and focused on non-English and non-Latin queries.
Polish supporting search engines were examined in [14] . Polish versions of English language search engines and homegrown Polish search engines were assessed. The searching capability and retrieval performance were considered. Major emphasis was given to the precision criterion, which was based on relevance judgments for the first 10 matches from each search engine. Of the five search engines evaluated, Polski Infoseek and Onet.pl had the best precision scores, and Polski Infoseek turned out to be the fastest web search engine.
The performances of general and Arabic search engines were compared based on their ability to retrieve morphologically related Arabic terms. The findings highlight the importance of making users aware of what they miss by using the general engines, underscoring the need to modify these engines to better handle Arabic queries [15] .
Experimentation with Russian, French, Hungarian and Hebrew queries revealed some of the inefficiencies of worldwide search engines related to issues such as capitalization and singular and plural forms of query terms [16] . Their results indicate that in the examined cases the general search engines ignore the special characteristics of non-English languages, and sometimes they do not even handle diacritics well.
Another research article explored the characteristics of the Chinese language and how queries in this language are handled by different search engines [17] . Queries were entered in two major search engines (Google and AlltheWeb) and two search engines developed for Chinese (Sohu and Baidu). Criteria such as handling word segmentation, number of retrieved documents, and correct display and identification of Chinese characters were used to examine how the search engines handled the queries. The results showed that the performance of the two major search engines was not on a par with that of the search engines developed for Chinese.
The capabilities of the local Greek search engines of e-commerce sites were reviewed in [18] . This study focused mostly on the existence of search engines and on interface issues. Yet a few inefficiencies of the local e-shops' search engines related to the attributes of the Greek languages were revealed. For instance most of the search engines are case sensitive and let stopwords negatively influence the retrieval of products. In [19] an initial evaluation of the capabilities of web search engines revealed some of the deficiencies of international and domestic search engines in Greek queries.
All these studies try to understand and identify the inefficiencies of search engines with respect to non-English and non-Latin languages. They also try to understand the regional differences and trends in web searching [20] . Additionally, CLEF experiments aim to test, tune and evaluate information retrieval systems operating in European languages in both monolingual and cross-language contexts [21] .
The previous research papers and experiments reveal a lot of the qualities and inefficiencies of stand alone information retrieval systems and search engines in non-English queries and try to engineer algorithms for increasing the effectiveness of the retrieval systems. However, each study assesses web searching information systems from a different perspective, although some criteria are common. In this paper we focus on creating and applying a generalized evaluation methodology restricted to search engines only. This methodology combines interface issues, e.g. adaptation to the local language, with searching effectiveness, e.g. case insensitivity or effect of removal of stopwords. The methodology is presented and explained and then it is applied to evaluate the capabilities of Greek supporting web search engines. This framework can serve as the basis for evaluating the effectiveness of web retrieval systems in non-English text retrieval. Another difference with the previous Fotis Lazarinis studies is that formation of sample queries and assessment of specific characteristics of the search engines are performed with the aid of users in authentic environments.
Evaluation methodology
The evaluation method suggested in this paper consists of two classes of attributes:
(1) interface; and (2) searching effectiveness.
These sets of attributes are analysed further as shown in Figure 1 . The criteria of the proposed assessment procedure are collected from the previously presented relevant studies and their aggregation aims at constructing a compact yet efficient model for measuring the 'understanding' of international and local search engines with respect to a specific language. The criteria of the evaluation procedure are quantitative or qualitative. Some of them are measured by experts and some are measured by real users searching for specific information.
The aim of the presented model is twofold. On the one hand we aim at identifying the qualities and shortcomings of search engines in non-English queries and on the other hand we intent to investigate the effects of the standard information retrieval techniques in web retrieval. Our basic objective is to be able to suggest improvements, based on the findings of the evaluation, in search engines so as to increase their searching effectiveness and reduce the required user effort in monolingual non-English queries.
The criteria assembled under the 'Interface' heading aim at measuring the intuitiveness, the simplicity and the speed of response of international and domestic search engines. They all relate to language issues as some search engines may present their results in a readable and clear form in English but this presentation may be problematic in another natural language with more accent 
Interface
Searching effectiveness marks or with a non-Latin alphabet. Or, for example, response time is an important issue for users when choosing between a local and an international search engine. Support for searching in a particular language is clearly an issue related to language and perhaps to complexity as well, as specific domestic search engines tend to act as web portals offering searching facilities as well, so their interface is more complicated. The 'effectiveness' class groups a number of attributes which are important when searching. These attributes relate to the language used in searching and the aim of their grouping is to identify how they influence the retrieval process.
Analysis of the evaluation methodology
A brief explanation of each attribute and its assessing method is given below.
Localization is an indicator that refers to the ability of a search engine to adapt its interface to the local language. A search engine may be denoted as: not localized, partially localized, fully localized. The first value means that a search engine does not adapt at all to the language of the interest, the second type refers to the adaptation of certain interface parts and services of the search engine and the last indicates that all the provided services and interface components are localized.
Response time is a quantitative measure and can be analysed into two sub-categories: the time to load the initial search engine's web page, and the time required to retrieve the relevant set of documents. This attribute can be mechanically measured using the same internet connection speed and a number of queries that can be used to measure the average retrieval time.
Interface complexity refers to the information presented in the initial web page. A number of search engines act as web portals. This approach may lead to increased downloading time, which can be irritating when the speed of the internet connection is low. Additionally they may cause confusion and disorientation to users as the textbox where the query is typed and the procedure's initiation button are not easily viewable. Interface complexity can be assessed by users themselves as our opinion would be subjective due to our expertise in utilizing search engines.
Searching support for other languages than English is obviously an essential attribute. Some search engines do not handle non-Latin queries and some may not handle effectively terms with diacritics in natural languages which are based on the Latin alphabet. This attribute is noted as supported or not supported.
Presentation is an attribute used in assessing standard retrieval systems and web search engines. In our work this feature is related to the presentation of the potentially relevant documents. This attribute is qualitative and not quantitative and is used to assemble the observations and problems raised by users.
Index size is an element which cannot be conclusively measured unless the search engine has revealed the actual index size. But even then this number would have to be divided according to the language codes of the pages contained in the index. Since this is not possible, the only way to get a rough idea is by running some sample queries in different search engines. The recalled set of documents will then provide an estimate of the index size of each search engine.
Precision (relevance) is a standard measure used in information retrieval systems [2, 4] . Here precision can be measured at specific recall points. In other words, as in previous studies, precision can be measured in the top ranked documents [6] . For example, it can be calculated in the first 10 or 20 results which hold the highest possibility to be viewed by users [22] .
Case sensitivity is a feature that does not affect English web searching. For uexample the queries 'olympic games' and 'OLYMPIC GAMES' produced exactly the same results in Google. However the results differ between the queries and (both queries mean 'Olympic games' in Greek). Assessment of this attribute is objective as it can be noted as supported or not supported.
Diacritics handling concerns the intonation marks and other accent marks, such as umlaut, which many spoken languages support. For example, the term 'European union' is written in Greek as Both intonation and umlaut are used. Other languages, like French or Serbian, contain more accent marks. Search engines should be able to handle diacritics to efficiently support user requests. Efficient handling of diacritics is important as diacritics may change the meaning of two morphologically equal terms. For instance, in Greek the word means only and alone while the word means single. These Greek terms differ only in the position of the accent mark.
Stopword removal is supported by Google and other international search engines in English queries. For instance users are informed that the word 'of' is an ordinary term and is not used in the query 'National Art Gallery of Athens'. Removal of stopwords [2] (p. 167) is an essential part of typical information retrieval systems. Although significant relevant work has been performed in English information retrieval and suitable stopword lists have been constructed, such stopwords lists have not been constructed for most of the other major European, Asian and African languages. Thus the effect of stopwords in retrieval has not been thoroughly studied in these languages. A possible way to study the influence of stopwords in web retrieval is by running composite queries containing both significant terms and stopwords and then running the same query without the stopwords. This way one could get an initial estimate of the positive or negative influence of nonsignificant words in web retrieval and realize if an international search engine values all the attributes of a language.
Stemming is the process of reducing a word to its stem or root form. This procedure equalizes the morphological variants of words that have similar semantic interpretations. This feature is partially supported in Google. For example the query 'evaluating web sites' retrieves documents which contain the terms 'evaluate web sites' or the terms 'evaluation websites' as can be concluded from the highlighted matching terms of the relevant documents. In web retrieval, stemming may lead to recall of countless web documents and thus may be an inapplicable technique. However, Greek, and other languages, exhibit notable morphological variance in terms while the content remains the same. This is due to tense, noun and adjective inflections, plural and singular forms and composite words. For example, all three queries ', and mean 'National art gallery of Athens' but they are expressed with different inflections. Nevertheless they express exactly the same information need. Light stemming, like suffix removal (e.g. removal of final sigma in Greek), could possibly improve recall and precision of search engines, at least in the highly ranked results.
Applying the evaluation methodology
The methodology described in the previous section was applied in the evaluation of Greek supporting search engines. For conducting our assessment we used most of the predominately known worldwide .com search engines: Google (www.google.com), Yahoo (www.yahoo.com), AlltheWeb (www.alltheweb.com), MSN (www.msn.com), AOL (search.aol.com), Ask (www.ask.com), and AltaVista (www.altavista.com). The .com search engines were selected based on their popularity [23] . Also, for comparison reasons, we considered using some native Greek search engines: In (www.in.gr), Pathfinder (www.pathfinder.gr), Robby (www.robby.gr) and Anazitisis (www.anazitisis.gr).
Interface
To assess the interface issues and some of the issues related to searching effectiveness we asked 31 users to participate in a 'retrieval experiment'. Participants were also asked to construct a number of sample queries for the subsequent experiments. Users had varying degrees of computer usage expertise. We needed end users who knew how to use search engines effectively and therefore had increased demands on the utilization of web searching systems. On the other hand we also needed to listen to people who had just been introduced to search engines and measure their difficulties.
This combination of needs reflects the real everyday needs of web 'surfers'. The trial searches were conducted at the end of June 2006 and lasted two days. They were carried out in a computer lab sharing the same internet connection. Each session lasted two didactic hours. The .gr engines were assessed first because if users were to use an uncomplicated interface first, like Google's, their judgments would be influenced in favour of Google later.
Localization
The first issue in our study was the importance of a localized interface. All the participants (100% -31/31) rated this feature as 'highly important' as many users have basic or no knowledge of English. Although search engines have uncomplicated and minimalist interfaces their adaptation to the local language is essential so users can easily comprehend the available options.
From the .com ones only Google automatically detects local settings and adapts to Greek. AltaVista allows manual selection of the presentation language with a limited number of language choices though and setup instructions in English. Also if you select another language, search is automatically confined to this country's websites (this must be altered manually again).
Nevertheless none of the reviewed web retrieval systems qualifies for the fully localized label. Google merely adapts to Greek its basic searching services. For instance, Froogle, Book search, Scholar and Video search are services Google offers in English only. Non-English web searchers may not even be aware of these services. Indeed, 80.64% (25/31) of our participants were not aware of these features and clearly could not benefit from them.
Response time
The time to load the initial page is important, especially when the internet connection speeds are slow. Table 1 presents the time needed to load the homepage of the search engines of our study. Time was measured using a fast internet connection and the Opera browser's built in utilities. Search engines which needed several seconds to load up are actually web portals.
Additionally, we ran three queries consisting of one, two and three words respectively. Table 1 also presents the average time required for each engine to return the list of relevant web documents in the three queries. The objective of these two calculations was to determine which search engine offers the fastest searching mechanism. As anticipated Google was the winner again. An important observation resulting from this distribution is that the local Greek search engines are slower than their international competitors. This is true for both parameters of the response time attribute of the evaluation methodology. At this point it should be noted that the Ask and AOL engines experience problems in Greek searching as will be discussed in the following sections.
Afterwards, participants were asked to run the two word query using every search engine. They were then requested to comment on their experience and to try to identify problems and advantages of particular search engines. Their replies cannot be quantitatively evaluated but the main conclusion is that the preferred retrieval systems were Google, AlltheWeb and AltaVista because they are faster and they have an uncomplicated interface. Anazitisis has a straightforward interface but the average searching time is significantly longer than the rest of the engines. Especially in some of the sample queries used later in Section 4.2, the retrieval time was approximately 60 s, which is clearly prohibiting in environments where searching is a frequent operation.
Interface complexity
Yahoo, MSN, AOL, In, Pathfinder and Robby act as web portals containing categorized links, news, photos and animated Gifs. These features led to increased downloading time as seen in Table 1 , which can be irritating when the connection speed is low. Also it can cause confusion and disorientation to users.
The most important problems brought up by the users were 'Slow downloading', 'In which textbox to type the query' and 'Which button to click on'. These difficulties obstructed a few users from completing their tasks and they had to consult us. Even two computer science graduates were confused when utilizing www.in.gr because one can search solely in the www.in.gr site or the whole web or the Greek web space. Based on the case, the searcher must additionally select one of the two available textboxes to type their request.
Searching support
This task relies on the previous sample runs, using queries with all terms in Greek. All search engines but AOL and Ask were capable of running the queries and retrieving possibly relevant documents. When a Greek query is run in www.aol.com the information cannot correctly pass from the one window to the other, at least in some browsers. So no results are returned. However, when requests are typed directly using the search.aol.com window, then queries are executed but presentation of the rank is problematic again. Ask did not retrieve any results at all, meaning that indexing of Greek documents is not supported. For example, zero documents were retrieved in all three queries run in the previous section. Ask and search.aol.com were included in the subsequent tests only for comparison purposes, even though none of the users would actually end up using these tools since the first retrieves no results and the second is malfunctioning or Greek searching is not supported through its home page www.aol.com.
Presentation
An important point made by the participants is that some of the search engines ranked English web pages first, although search requests were in Greek. For example, in the query (Olympic Games in Athens) Yahoo, MSN and AltaVista ranked some English pages first. This depends on the internal indexing and ranking algorithm but it is one of the points that increase user effort, because one has to scroll down to the list of pages to find the Greek ones.
AlltheWeb and two of the Greek search engines present the rank in a condensed form, without leaving adequate space between results and present the findings with smaller letters with a brief or no summary. All participants (100%) showed dissatisfaction with the condensed presentation output, because it was more difficult to distinguish between the resulting URLs. Also, short summaries increase human effort as users first have to visit the web page and then decide if it is relevant. Summarization is a quite difficult task in information retrieval and most systems provide inadequate summaries. This task is even harder when the document collection is enormous and of varying natural languages as in the web.
Searching effectiveness
Trying to realize whether user requests 'sound Greek' to the web retrieval systems or not, or in other words if they value the Greek language, we executed six authentic queries (Table 2) suggested by the participants of the previous test. They were typed in lower case sentence form with accent marks, leaving the default options of each search engine. Table 3 presents the number of retrieved pages for each query as they are indicated by the search engines. Before we explain the results we have to note that AOL is 'enhanced by Google' as it states and since it shows the number of pages which contain potentially relevant links and not the actual number of retrieved web documents we multiply this number by 10 (the number of results presented per page) to get an estimation of the number of retrieved documents.
Index size
It is clear that Google, Yahoo and AltaVista maintain larger indexes than the other search engines and definitely larger compared to the local retrieval tools. AlltheWeb and MSN follow and AOL, Ask, In, Pathfinder, Robby and Anazitisis extract the smallest number of documents compared to the major international search engines.
Although this experiment could be perceived as an estimation of the recall only, it is evident that search engines that maintain larger indexes (and better ranking algorithms) retrieve more documents. In any case the intention of this experiment is merely to get an estimation of the index size. The index size is important, as it is an indication that 'richer' search engines could retrieve more results, which would probably be more precise. Search engines like Anazitisis retrieve only a few documents compared to Google (see Table 3 ). Clearly the likelihood of satisfying user needs with Anazitisis is smaller than with Google.
Precision
To measure the precision of the ranked set of documents we divided the users that participated in our survey randomly, into six groups. Each group had to assess the relevance of the top 20 results of each search engine in a specific query from Table 2 . Every member of the group had to visit and explore each of the first 20 results. Then, altogether, they had to decide whether the information presented in the page could be considered relevant to the given query. In this way the relevance judgment was the result of unbiased team work. Table 4 illustrates the number of pages judged relevant by each group. Although the international search engines returned more results than the native Greek local engines (see Table 3 ), the relevance of the first 20 results is almost identical in all cases, except in Robby and Anazitisis. These two retrieval systems either maintain a shorter index or employ a crude ranking algorithm. Especially the Anazitisis search tool requires a prolonged time to retrieve the potentially relevant files. Again some participants mentioned that some international engines rank pages with English content first, although they contain some Greek text as well. These pages could be characterized as nonrelevant without the need to visit them as they would probably not be visited by Greek users in real search cases. This tactic would in turn reduce the precision of the search engines in some cases. However it was avoided for reasons of uniformity. Thus every page was visited even if its summary was in English. Then if no useful information was contained in the visited page it was judged as non-relevant. Naturally the potentially relevant information had to be in Greek.
Another observation is that precision is diminished when the number of query terms increases. One would expect the opposite to happen. However most of the words in queries 4 and 6 are common words (stopwords) and possibly trigger this behaviour on the part of the searching tools. In query #2 the last word is in a less used conjugation and this may cause the drop in precision.
Case sensitivity
The next part of the experiments was the re-run of the same queries but this time in capital letters with no accent marks. The number of retrieved documents (Table 5 ) was dramatically diminished in the worldwide search enabling sites while it was left unaffected in three of the domestic ones (In, Pathfinder and Robby). We also measured precision as in the previous experiment. Precision was affected as well (Table 6 ), compared to results presented in Table 4 . In half of the cases precision was increased and in the other half precision dropped. Figures 2 and 3 elegantly depict these results. Figure 2 shows Google's number of retrieved documents, in logarithmic scale, for the same lower and upper case queries and the average recall in the lower and upper case queries. Similarly, Figure 3 portrays the precision ups and downs in lower and upper case queries.
Trying to understand what triggers these inconsistencies in recall and precision we created a short list of potential reasons:
• Final sigma: the Greek capital sigma is 'Σ' but lower case sigma is 'σ' when it appears inside a word and 'ς' at the end of the word. Probably words ending in sigma are transformed internally to words with the wrong form of sigma when they are capitalized or vice versa, e.g. (forms) should change to but it may change to as was concluded in [19] . This leads recall to be reduced. Indeed, the variants and produce, in Google, 64,700, 65,600 and 973 web documents respectively, while all the variants and produce exactly 58,400 results. The first group of variants represents the surname of the poet Elytis in the nominative case and the second group in the genitive case with and without accent marks. In Yahoo the variants and produce 18,500, 99 and 639 web documents respectively. Table 3 .
• Accent marks: accent marks are not used with capital letters and this may cause the inconsistencies in retrieval of pages. Experimentation with the Elytis surname, presented in the previous paragraph, is an indication that intonation is smoothly handled, at least in Google. In Yahoo the variants and produce 406, 17,800 and 434 documents respectively. In this case absence of accent marks causes recall to drop. Table 5 . • Query content and form: queries 1, 3 and 5 which result in better precision when run in upper case form are more normalized than the other queries. They contain only two or three significant words and no stopwords and they are names of persons or organizations. Thus they usually appear in titles when they are in capital letters and therefore precision is better.
These observations are at least alarming. What would happen if a searcher were to choose to search only in capital letters or without accent marks? Novice users are not aware of these differences and they are usually confused [24] . In English search there is no differentiation between capital and lower letters. The result sets are identical in both cases so user effort and required 'user web intelligence' is unquestionably less.
Wrapping up this experiment one can argue that in Greek web searching the same query should be run both in lower and in capital letters, so as to improve the performance of the search. Information from sites where there are no accent marks or which contain intonation errors will not be retrieved unless variations of the query terms are used. Greek search engines are superior at this point and make information hunting easier and more effective. From the international search engines only Google has recognized some of the differences and tried to improve its searching mechanism.
Diacritics handling
Handling of diacritics refers to efficient handling of intonation and accent marks such as grave and acute accents. To form an idea of how search engines handle queries when diacritics are used and how they respond when they are not, we executed the queries and (court) and the queries and (european). The first two variations differ in intonation and the second group of queries differ in umlaut. Table 7 presents the results of these runs. Google, In, Pathfinder and Robby made no differentiation between the queries. All the other search engines act as simple grep utilities and do not base the retrieval process on the content. AOL does not distinguish the results in the case of intonation but it produces a different number of results when the umlaut is omitted. We further examined this result and it proved to be the normal behaviour of the AOL search engine.
This behaviour on the part of the international search engines and Anazitisis indicates that search engines do not have full understanding of the special characteristics of the Greek language. We assume that this mode of operation would make searching in languages like French, German, Serbian and other more morphologically complicated languages even more demanding.
Stopword removal
Google and other international search engines remove English stopwords so as not to influence retrieval. Queries #4 and #6 were re-run in Google, Yahoo and In removing the ordinary words ( -from, -the, -for, -of, -of). Queries were in lower case and with accent marks so results should be compared with Tables 3 and 4 .
Evidently stopwords affect web retrieval of Greek documents. Table 8 shows that both the number of retrieved documents and precision have been increased. Although more intensive tests are required to construct a stopword list and to see how retrieval is affected by Greek stopwords, this short experiment proves that retrieval performance is increased when stopwords are removed.
Stemming
Another factor that influences searching relates to the suffixes of the user request words. The phrases or or mean 'National Art Gallery of Athens'. While they are morphologically different they describe exactly the same information need. Each variation retrieves a different number of pages. For example, Google returned 49,400, 58,000 and 56,500 web pages respectively. Precision is different in these three cases as well and the correlation among the first 20 results is less than 50%.
One could argue that such a difference is rational and acceptable as the queries differ. If we consider these queries solely from a technical point of view then this argument is right. However, if the need for information is the focal point of the discussion then these subtle differences in queries, which merely differ in one ending, should have recalled similar web pages with the same precision. Stemming is an important feature of retrieval systems and its application should be at least studied in spoken languages which have conjugations of verbs and declension of nouns, like in Greek. Google partially supports conjugation of English verbs. Although some Greek stemmers have been created, they have been tested only on their stemming accuracy [25, 26] . The effect of stemming in retrieving Greek web documents is still an issue for research.
Discussion
This paper presents a study regarding utilization of search engines using Greek terms. Initially a methodology was described on which the evaluation of Greek web retrieval was based. Regarding interface Table 8 Number of retrieved pages and precision in queries without stopwords Q4 Q6
Number of pages Precision Number of pages Precision issues, adaptation to local language, interface simplicity, ranking of Greek documents first, quick response and unambiguous presentation of the results are the main demands of users. Google is the unquestionable winner in all these categories which proves that it tries to adapt itself to the demands of other languages than English. Unfortunately most of the international search engines do not offer localized interfaces and some of them do not even support other spoken languages. At least these findings are true for Greek. Additionally, Google does not offer localized versions of all its services. To estimate the searching effectiveness of search engines that support Greek, we executed a number of sample queries suggested by the participants. International search engines recalled more pages than the local ones and they had a small positive difference in precision as well. However, they are case sensitive, hindering retrieval of web pages which contain the query terms in a slightly different form to the requested one. Terms with accent marks produce different ranks than queries without accent marks. This search engine behaviour requires that users be alerted when they enter a query. On the contrary English users are additionally supported by 'did you mean' tips when they mistype a word in Google.
Endings and stopwords are not removed automatically, thus affecting negatively the retrieval of relevant pages. Stopwords are removed from English queries making information hunting easier, looking at it from a user's perspective. Terms are not stemmed though, even in English. However, in a language with conjugations, like Greek, simple stemming may play an important role in retrieval assisting end users. In any case more intensive tests are needed to see how endings, stopwords and case sensitivity affect retrieval.
The evaluation methodology analysed in this paper tries to identify the deficiencies and the extra user effort required so as to utilize a search engine effectively. The methodology can also be applied in the evaluation of the capabilities of web search engines in other natural languages. For instance, Cyrillic based languages exhibit notable morphological variance in terms while the content remains the same, as in Greek. Our methodology could be applied in assessing search engines with respect to these languages. Some work has already been done towards identifying some of the deficiencies of web search engines in particular languages, e.g. [14] [15] [16] [17] , and some work has been carried out in the area of the classical IR topics, such as construction of stopword lists and stemming [27] [28] [29] . The individual issues negotiated in these studies could be combined in our methodology to measure web search engines' 'understanding' of a particular natural language.
Trying to answer the question posed in the article's title, it can be argued that international search enabling sites do not value the Greek language and possibly other languages with unusual alphabets. Google is the only exception as it seems to be in a process of adapting to and assimilating the additional characteristics. Although domestic search engines 'understand' more features of the Greek language, they are slower, with worse recall and precision and their interfaces are more complicated.
